ABSTRACT. Growth and carcass traits are economically important quality characteristics of beef cattle and are complex quantitative traits that are controlled by multiple genes. In this study, 2 candidate genes, H-FABP (encoding the heart fatty acid-binding protein) and PSMC1 (encoding the proteasome 26S subunit of ATPase 1) were investigated in Qinchuan beef cattle of China. PCR-SSCP and DNA sequencing methods were used to detect mutations in the H-FABP and PSMC1 genes in Qinchuan cattle, and a T>C mutation in exon 1 of H-FABP and a T>C mutation in exon 9 of PSMC1 were identified. The association of these 2 single nucleotide polymorphisms with growth and carcass traits of Qinchuan cattle was analyzed. The T>C mutation in H-FABP was significantly associated with body length and dressing percentage (P < 0.05) and the T>C mutation in PSMC1 with body length and hip width (P < 0.05), indicating that both of the 2 mutations in H-FABP and PSMC1 had effects on growth and carcass traits in the Qinchuan beef cattle breed. Thus, the results of our study suggest that the H-FABP 1877 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 13 (1): 1876-1884 (2014) SNPs in H-FABP and PSMC1 genes and PSMC1 gene polymorphisms could be used as genetic markers in marker-assisted selection for improving Qinchuan beef cattle.
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INTRODUCTION
Growth and carcass traits are economically important quality parameters of beef cattle. These traits are controlled by multiple genes such as INSIG, IGF1, and others (Andrade et al., 2008; Liu et al., 2012) . The need for ongoing improvement of quantitative traits of beef cattle has spurred the development of molecular biotechnology methods such as marker-assisted selection, which has emerged as a promising strategy for genetic improvement of growth and carcass traits of beef cattle (Meuwissen and Goddard, 1996) . Thus, the relationships between candidate genes and these traits are increasingly attracting more attention.
The heart fatty acid-binding protein (H-FABP) gene encodes a cytosolic protein that transports fatty acids from the cell membrane to other sites where 3-acyl-glyceride and phospholipids are synthesized and fatty acids are oxidized (Veerkamp and Maatman, 1995) . The H-FABP gene has been mapped to chromosome 6 in the domestic pig (Sus domesticus) in which H-FABP is a QTL for fatness traits (Moon et al., 2007) . The bovine H-FABP gene maps to chromosome 2 (Roy et al., 2003) , and results from a previous study suggest that FABPs might affect the thickness traits of back fat in beef cattle (Cho et al., 2008) .
PSMC1 (proteasome 26S subunit of ATPase 1) is a 26S proteasome-regulatory subunit 4 (S4) encoded by the PSMC1 gene. The 26S proteasome is a multicatalytic proteinase complex with a highly ordered structure. PMSC1 is part of a protein-degrading complex that cleaves peptides in an ATP/ubiquitin-dependent process in a nonlysosomal pathway and plays an important role in many regulatory pathways, including cell cycle regulation, differentiation, and apoptosis (Coux et al., 1996; Glickman and Ciechanover, 2002; Wu et al., 2004) . Previous studies have reported that the PSMC1 gene affects the growth and carcass traits of beef cattle. Guo et al. (2008) identified a single nucleotide polymorphism (SNP) in a PSMC1 intron that was significantly associated with average daily food intake (P < 0.01), average daily gain, finishing average daily gain, body length, ratio of feed to meat, back fat thickness, and loin-muscle area (P < 0.05).
On the basis of the biological properties and the association studies of the two genes mentioned above, it is hypothesized that both H-FABP and PSMC1 may play important roles in the growth and carcass traits in cattle. In this study, we chose the Qinchuan beef cattle breed for this investigation. We used PCR-SSCP and DNA sequencing methods to identify mutations in the H-FABP and PSMC1 genes in this cattle breed in order to identify associations between sequence variations in these two genes and growth and carcass traits, which will be of benefit for cattle breeding in China.
MATERIAL AND METHODS

Animal source and preparation of DNA samples
A total of 404 animals were randomly selected from the Qinchuan commercial breeds reared in Shaanxi Province, China. The animals were healthy and were 30 ± 2 months old at slaughter. In accordance with the criteria of GB/T17238-1998, "Cutting Standard of Fresh and Chilled Beef in China" (China Standard Publishing House), the growth traits (including withers height, body length, and hip width) and carcass traits (including slaughter weight, carcass weight, and dressing percentage) were measured. Used a venipuncture method for blood collection, approximately 15 mL blood was drawn from each animal. Heparin (2%) was added to the blood samples and DNA extracted from these samples and stored at -80°C.
Primers and PCR amplifications
The primers used to amplify the H-FABP and PSMC1 genes were designed according to the published bovine H-FABP (EMBL ENSBTAT 00000022375) and PSMC1 sequences (GenBank accession No. AC_000167.1). Sequences of the PCR fragments were compared to identify possible SNPs in exons of the 2 genes. The primer sequences, fragments size, and the annealing temperatures (Tm) in the PCR are shown in Table 1 PCR was performed in a 15-µL volume containing the following ingredients: 0.6 µL (approximately 60 ng) genomic DNA template, 0.3 µL 10 pmol/µL of each primer, 7.5 µL 2X Reaction Mix, 0.3 µL Golden DNA polymerase, and 6.3 µL ddH 2 O. Thermal cycling conditions were 1 cycle at 95°C for 5 min, followed by 36 cycles of 94°C for 30 s, 56°C (the optimal annealing temperature) for 40 s, and 72°C for 40 s; a final extension was performed at 72°C for 10 min.
Single-strand conformation polymorphism (SSCP) analysis
The PCR-SSCP method was used to genotype the SNPs identified and for further analysis. A total volume of 12 μL contained 4 µL PCR product and 8 µL denaturation buffer (95% formamide; 10 mM EDTA, pH 8.0, 0.05% bromophenol blue) and was denatured at 98°C for 10 min. The probes were then immediately chilled on ice and loaded onto 8% polyacrylamide gels containing freshly made 1X TBE buffer. The gels were run at 290 V for 5 min, followed by 200 V for 3 h and maintained at a low temperature (approximately 4°C) by embedding them in ice. After electrophoresis, the gels with probes were silver stained and developed by using sodium hydroxide with formaldehyde. Individuals displaying different PCR-SSCP patterns were sequenced with the ABI 3730 sequencer (ABI, Foster City, CA, USA).
Statistical analysis
The linear model in the SPSS software (Version 16.0) was used to analyze the association between genotypes and traits in Qinchuan cattle. The linear model: Y = μ + A + G + E, where Y = traits observed; μ = overall population mean; A = effect of the age; G = effect of the SNP marker genotype; and E = random error.
RESULTS
PCR amplification and identification of SNPs in the H-FABP and PSMC1 genes
In this study, 1 SNP each was identified in the H-FABP gene and in the PSMC1 gene. The SNP in the H-FABP gene was a T>C mutation at 69 bp of exon 1 of the gene (T667C); the SNP introduced a missense mutation predicted to cause a change from a tyrosine to a histidine residue in the H-FABP protein. No mutations were detected in exons 2, 3, and 4 of H-FABP. The SNP in the PSMC1 gene was also a T>C mutation in exon 9 at 972 bp of the PSMC1 gene (T10852C) that was also a missense mutation. PCR-SSCP was used to genotype individual animals, and DNA sequencing methods were used to identify SNPs. The results of these analyses are shown in Figures 1 and 2. A B 
Analysis of the SNPs in H-FABP and PSMC1
The allelic and genotypic frequencies and genetic diversity parameters [homozygosity, hemozygosity, effective number of alleles, and polymorphism information content (PIC)] of the 2 genes are shown in Table 2 . As shown in the Table, in H-FABP, the frequency of the T allele (0.615) was greater than that of the C allele (0.385) and tests for Hardy-Weinberg distribution indicated that the H-FABP alleles were in extreme disequilibrium (P < 0.01). The result of PIC eflected an intermediate genetic diversity of the Qinchuan bovine H-FABP gene in the population analyzed. Only CC and TC genotypes were identified in the PSMC1 gene, and the frequencies of the C allele was much greater than those of the T allele, and a Hardy-Weinberg extreme disequilibrium was detected (P < 0.01). The PIC was in the 0.25-0.5 interval, which reflected an intermediate genetic diversity in the Qinchuan cattle population analyzed for the PSMC1 gene. Next, we analyzed the association of the newly identified SNPs in the H-FABP and PSMC1 genes with growth traits (body height, body length, and hip width) and carcass traits (slaughter weight, carcass weight, and dressing percentage) in Qinchuan cattle (Table 3) . As shown in Table 3 , animals with the TT genotype of the H-FABP gene had longer bodies than those with the CC and CT genotypes (P < 0.05); moreover, animals with the TC genotype had a lower dressing percentage than those with the CC and TT genotypes. In conclusion, animals with the TC genotype had better performance than those with CC and TT genotypes. H O = observed homozygosity; H E = expected heterozygosity; N E = effective allele numbers; PIC = polymorphism information content. Means within a row with different superscript letters differ significantly (P < 0. 05). Polymorphisms in the PSMC1 gene also had effects on growth traits: animals with the TC genotype had longer bodies than those with the CC genotype (P < 0.05), whereas the animals with the CC genotype had wider hip width than those with the TC genotype (P < 0.05). No significant differences between the CC and CT genotypes of the PSMC1 gene were detected for the carcass traits; however, the animals with the TC genotype tended to have improved carcass traits compared with animals with the CC genotype.
DISCUSSION
The H-FABP protein is believed to play an important role in the transport of fatty acid and in triglyceride accumulation in cells and to contribute to improved fat content (intra-muscular fat) of muscle. Gerbens et al. (2000 Gerbens et al. ( , 2001 reported that a polymorphism in the H-FABP gene from pig is associated with some carcass and growth traits, including body weight, back-fat thickness, and the intramuscular fat. Urban et al. (2002) , studying the association of different H-FABP genotypes with fat and meat production of pigs, showed that H-FABP is an important candidate gene associated with carcass and growth traits of the animals. Zhou et al. (2005) investigating polymorphisms in the H-FABP gene in Luxi cattle and their association with meat-quality traits, found an SNP in intron 2 of H-FABP and that the homozygous BB genotype showed a highly significant positive effect on the Warner-Bratzler shear force in beef tenderness traits (P < 0.05). Wang and Zan (2008) studied polymorphisms in exon 1 of the H-FABP gene in Qinchuan cattle and observed that these polymorphisms were also associated with such meat traits as crural girth, back-fat thickness, and marbling. Wang et al. (2011) further studied H-FABP gene polymorphisms and their association with growth traits in Qinchuan and related hybrid cattle and detected no statistically significant differences in growth traits among H-FABP genotypes in 3 cattle populations.
In this study, we used PCR-SSCP and DNA sequencing methods to detect the polymorphisms in all 4 exons of the H-FABP gene, and identified 1 missense mutation in exon 1 and noted that mutations were absent in the other 3 exons. The mutation in exon 1 of H-FABP was associated with growth and carcass traits in Qinchuan cattle as indicated by differences in body length and dressing percentage among animals with different genotypes; however, although no significant differences were detected among the different H-FABP genotypes in carcass traits, animals with the TC genotype tended to have better performance than those with the CC genotype, and the performance of animals with the CC genotype was better than that of the animals with the TT genotype. These results could inform the cattle breeding programs in China and contribute to improved marker-assisted selection for better performance in the cattle industry. Especially the TC genotype could be used as a molecular marker for superior growth and carcass yield and quality.
Previous research has focused mainly on the mapping of the PSMC1 gene and analyzing the structures and functions of the PSMC1 protein and other ATPases of the 26S proteasome. By using the fluorescence in situ hybridization method, Tanahashi et al. (1998) mapped the S4 (PSMC1) gene to the human chromosomes. Dubiel et al. (1992) reported that the cDNA sequence for subunit 4 (PSMC1) had low sequence similarity to the ClpA gene in Escherichia coli (encoding the ATP-binding subunit of the E. coli protease Clp). In addition, the protein sequence of the rat S4 (PSMC1) was predicted from an open reading frame encoding 440-amino acid residues with 4 conserved motifs (Gx4GKT, DEID, SAT, and H/QRxGRx2R), which were found in the central region of the rat ATPases and are characteristic features of a family of ATP-dependent RNA/DNA helicases (Makino et al., 1996) . Ferrell et al. (2000) analyzed the regulatory subunit interactions of the 26S proteasome, and Richmond et al. (1997) analyzed the interactions between the different ATPases and discovered that these ATPases interact in the following pairs: Rpt2 (S4) binds to Rpt1 (S7), Rpt3 (S6b) binds to Rpt6 (S8), and Rpt5 (S6a) binds to Rpt4 (S10b). Gorbea et al. (2000) separated the 19S regulatory complex subunits by SDS-polyacrylamide gel electrophoresis, to identify the difference combinations of these subunits. The role of ATP hydrolysis in protein degradation at the level of the individual ATPase was analyzed by Rubin et al. (1998) , whose results indicated that the ATPases are not functionally redundant and that they cooperate in the degradation of individual substrates.
In contrast, fewer studies have investigated polymorphisms in the PSMC1 gene. Guo et al. (2008) mapped the bovine PSMC1 gene onto BTA10 by using an radiation hybrid map-ping method and identified an SNP in the intron of the PSMC1 gene that is significantly associated with average daily feed intake (P < 0.01), average daily gain, finishing average daily gain, body length, ratio of feed to meat, back-fat thickness, and loin-muscle area (P < 0.05).
On the basis of these studies, we chose PSMC1 as a candidate gene and identified a novel SNP in its exon, and we were the first to associate a mutation in the PSMC1 gene with growth and carcass traits in Qinchuan cattle. The results of our study indicated that the different PSMC1 genotypes had significant effects on the body length and hip width of this cattle breed, and the animals with the CT genotype tend to be better than those with the CC genotype. Therefore, the animals with the CT genotype could be used to develop new breeds of beef cattle in China, and the PSMC1 gene could be used as a candidate gene for bovine body measurements.
In conclusion, the SNP in the PSMC1 gene could be a potential candidate marker for marker-assisted selection in growth and carcass traits in Qinchuan cattle and could be used in cattle breeding and improvement in China.
